A human volunteer study to identify variability in performance in the cognitive domain of the postoperative quality of recovery scale by Royse, C. F. et al.
Royse, C. F., Newman, S. P., Williams, Z. & Wilkinson, D. J. (2013). A human volunteer study to 
identify variability in performance in the cognitive domain of the postoperative quality of recovery 
scale. Anesthesiology, 119(3), pp. 576-581. doi: 10.1097/ALN.0b013e318299f72b 
City Research Online
Original citation: Royse, C. F., Newman, S. P., Williams, Z. & Wilkinson, D. J. (2013). A human 
volunteer study to identify variability in performance in the cognitive domain of the postoperative 
quality of recovery scale. Anesthesiology, 119(3), pp. 576-581. doi: 
10.1097/ALN.0b013e318299f72b 
Permanent City Research Online URL: http://openaccess.city.ac.uk/3785/
 
Copyright & reuse
City University London has developed City Research Online so that its users may access the 
research outputs of City University London's staff. Copyright © and Moral Rights for this paper are 
retained by the individual author(s) and/ or other copyright holders.  All material in City Research 
Online is checked for eligibility for copyright before being made available in the live archive. URLs 
from City Research Online may be freely distributed and linked to from other web pages. 
Versions of research
The version in City Research Online may differ from the final published version. Users are advised 
to check the Permanent City Research Online URL above for the status of the paper.
Enquiries
If you have any enquiries about any aspect of City Research Online, or if you wish to make contact 
with the author(s) of this paper, please email the team at publications@city.ac.uk.
Anesthesiology, V XX • No XX 1 XXX 2013
ABSTRACT
Background: he Postoperative Quality of Recovery Scale 
found lower than anticipated recovery in the cognitive 
domain. he deinition of cognitive recovery did not allow 
for performance variability, and may have been too sensitive. 
his study aimed to examine variability in cognitive perfor-
mance in volunteers.
Methods: One hundred forty-three volunteers completed 
the cognitive domain questions at baseline, after 15 min 
and 40 min, and on days 1 and 3. Delivery via face-to-face 
interview was conducted for the irst three measurements, 
and then randomized for day 1 and 3 measurements (face-
to-face only, telephone only, telephone then face-to-face, 
 face-to-face then telephone).
Results: All volunteers answered orientation correctly. 
Mean change scores for other tests were positive, indicating 
a modest learning efect. here were no signiicant difer-
ences between methods of delivery (all P > 0.05). Due to 
variability in volunteers’ performances, the authors propose 
a new scoring system to introduce a tolerance factor in scor-
ing cognitive recovery. he proposed revised change from 
baseline scores are: orientation 0 or higher, digits forward 
−2 or higher, digits back −1 or higher, word recall −3 or 
higher, and word generation −3 or higher. his resulted in 
approximately 95% volunteers classed as “recovered” for 
each test item, and recovery for the domains ranged from 
82.6 to 89.1%. he initial feasibility study was reanalyzed 
and cognitive recovery increased at all assessment times. At 
3 days, cognitive recovery was found to increase from 33.5 
to 86.4%.
Conclusion: he authors recommend adoption of the new 
method for scoring cognitive recovery in the Postoperative 
Quality of Recovery Scale. Telephone or face-to-face delivery 
was equivalent and either method can be reliably applied.
What We Already Know about This Topic
•	 The	 Postoperative	 Quality	 of	 Recovery	 Scale,	 published	 in	
	AneSTheSiology	in	2010,	found	lower	than	anticipated	recov-
ery	in	the	cognitive	domain.
•	 one	hundred	forty-three	volunteers	completed	the	Postopera-
tive	Quality	of	Recovery	Scale	cognitive	domain	questions	at	
baseline,	15	min,	40	min,	and	1	and	3	days.	Delivery	was	face-
to-face	for	the	irst	three	measurements,	and	then	randomized	
for	day	1	and	3	measurements	 to	 combinations	of	 face-to-
face	and	telephone	interviews.
What This Article Tells Us That Is New
•	 The	investigators	propose	a	new	scoring	system	that	includes	
performance	tolerance	such	that	more	than	80%	of	subjects	
are	considered	recovered	in	the	cognitive	domain	at	3	days.
•	 There	 were	 no	 important	 differences	 between	 methods	 of	
delivery;	telephone	administration	of	Postoperative	Quality	of	
Recovery	Scale	is,	thus,	valid.
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Rescoring Cognition in the PQRS
T HE Postoperative Quality of Recovery Scale (PQRS) is a tool to measure quality of recovery after surgery and 
anesthesia.1 Recovery is measured in ive domains (physi-
ological, nociceptive—pain and nausea, emotive—anxiety 
and depression, activities of daily living, and cognition). 
Recovery is deined as a return to baseline scores (presurgery) 
or better. For most of the domains, the answer choices are 
either a 3- or 5-point Likert scale. However, for the cognitive 
domain, there is a wider range of possible performance for 
some of the tests. To assess cognition, ive questions are used 
(orientation to name, place, and date of birth, digits for-
ward, digits back, word generation, and word recall), which 
are derived from formal neurocognitive tests used to assess 
cognitive performance.2 Parallel forms, containing diferent 
number and word choices for the questions, are frequently 
used to minimize the learning efect, which is prevalent 
in neurocognitive testing, but do not always remove these 
completely.2
In the PQRS publication,1 we reported data from 701 
patients undergoing our feasibility study. he proportion 
of cognitive recovery, deined as return to baseline, was low, 
with only 33.5% recovery by day 3. As part of the ongoing 
validation of the PQRS, we conducted a volunteer study to 
identify the performance variability of the cognitive tests. 
Normal volunteers were not expected to demonstrate neu-
rocognitive decline during a 3-day period, if anything, they 
would be expected to show some level of improved perfor-
mance through learning. However, they may also have dete-
rioration in performance due to extraneous factors, such as 
fatigue. It was considered possible that the absolute deini-
tion of recovery used in the PQRS, may be overly sensitive 
for measurement of cognition, as it did not allow for any 
performance variability.
he aim of the study was to measure performance vari-
ability and test reliability over 3 days, using the PQRS in the 
cognitive domain as well as to assess the method of delivery 
on cognitive performance in healthy volunteers.
Materials and Methods
he study was performed in two centers, at the University of 
Melbourne and University College, London. Human research 
ethics committee approval was obtained from the Human 
Research Ethics Committees of he University of Melbourne 
(Melbourne, Australia), and he University College (London, 
United Kingdom). After informed written consent, 143 vol-
unteers without cognitive disability were recruited. he vol-
unteers were asked whether they had any previous medical 
or learning disorder that would indicate cognitive disability.
PQRS cognition testing was conducted on ive occasions. 
After recruitment, baseline testing was performed, followed 
by a repeat at 15 and 40 min. hese three measurement 
points were conducted via face-to-face interview. Testing was 
repeated on days 1 and 3. Volunteers were randomized into 
four groups, using a computer generated random sequence, 
according to telephone or face-to-face interview for days 1 
and 3 time periods. his protocol attempted to replicate the 
timings used in the PQRS feasibility study.1 he sequence of 
testing for the four groups on days 1 and 3 were: telephone 
then telephone, telephone then face-to-face, face-to-face 
then face-to-face, and face-to-face then telephone.
he ive cognitive tests used in the PQRS are described 
in table 1. he same parallel forms and time points, which 
were used in the PQRS feasibility study, are used in this 
study. he score for each question at each measurement time 
period were subtracted from the baseline scores to produce 
a change score.
In the PQRS feasibility study,1 a convenience sample of 
patients (n = 701) were recruited into the study if they were 
6 yr or older, undergoing elective surgery under general anes-
thesia, and able to complete the testing. Exclusion criteria 
were: (1) current psychiatric disturbance, or (2) undergoing 
neurosurgery, which could impair the patients’ ability to 
participate in the assessment. A wide range of surgical cases 
were included and selection was by convenience sampling. A 
reanalysis of the cognitive domain recovery was performed, 
using the results of the human volunteer study, which specif-
ically involved adjustment by the use of a tolerance factor to 
each cognitive area. Cognitive domain recovery still required 
recovery in all ive areas.
Statistical Methods
Cognitive score values are expressed as mean ± SD. Com-
parison between delivery methods was performed using 
repeated measures ANOVA for between-group (group × 
time) interactions (SPSS V19; IBM, Chicago, IL). P value 
less than 0.05 was considered signiicant. Reliability was 
assessed using Cronbach α, comparing the change score for 
each cognitive test over four recovery time periods.
he proportion of volunteers recovered for each test was 
calculated for change scores of 0 or higher, −1 or higher, −2 
or higher, and −3 or higher, with the intention of achieving 
approximately 2 SDs of the population of volunteers to be 
classed as “recovered” for each test. he sample size was based 
on a repeated measured ANOVA design for four groups, to 
account for diferent delivery methods of face-to-face and 
telephone delivery. With an estimated SD of 1.0 between 
measures, α = 0.05, power of 80%, and a moderate efect 
size of 0.5, the minimal sample size was 32 per group. Due 
to the diference in score values between the ive tests, a more 
conservative estimate was used and a target of 45 volunteers 
per group was planned.
Results
One hundred forty-three volunteers participated in the 
study. Due to logistical di culties in recruitment at one site, 
only 143 of the projected 180 volunteers were recruited. he 
group consisted of telephone-telephone (36), face-to-face 
then face-to-face (40), telephone then face-to-face (30), and 
face-to-face then telephone (37). he age was 37 ± 17 (range 
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17–92 yr) and years of education was 16.4 ± 3.2 yr (range 
5–30). Of the volunteers 61 were men, and 82 were women.
Baseline values and changes scores are shown in table 2. All 
volunteers scored 3 on the orientation subtest (maximum score), 
but performance was variable for the other tests. he change 
scores for each cognitive test and for each delivery method 
are shown in igure 1. here were no signiicant diferences 
between groups deined by delivery for any cognitive tests. he 
mean change scores showed a small positive value, indicating 
a learning efect evident at the irst repeated assessment, but 
this did not continue to increase with subsequent testing. he 
groups were combined for subsequent analysis.
he incidence of recovery in normal volunteers for tests 
other than orientation ranged from 67.1 to 86.1% and is 
shown in table 3. To achieve approximately 2 SDs of the 
cohort classed as “recovered” for each of the tests, the change 
scores to deine recovery were altered to: orientation 0 or 
higher (unchanged), digits forwards −2 or higher, digits back 
−1 or higher, word recall −3 or higher, and word generation 
−3 or higher. he original and new recovery proportions for 
each test and time period are shown in table 3.
With the introduction of the tolerance factor, patients 
with baseline scores that are equal to or below the tolerance 
factor would automatically score as “recovered.” he propor-
tion of volunteers with baseline scores of 3 or lesser for digits 
back was 1.4%, 2 or lesser for digits back was 2.8%, 4 or 
lesser for word recall was 2.1%, and 4 or lesser for word gen-
eration was 0%. As digits back is a more di cult test, the 
Table 1. Description of the Five Cognitive Tests Used in the Postoperative Quality of Recovery Scale
Test Instruction Example Comment
Orientation Please tell me your name, the city we 
are in, and your date of birth
Score 1–3
Digits forward I am going to read you a list of num-
bers. Listen carefully, and when I am 
inished, I would like you to repeat 
them back to me in the same order 
that I read them. So, for example, if I 
said 1,2,3, you would say 1,2,3
5,6 
1,6,4 
7,1,9,4 
8,3,9,6,2 
5,2,8,7,9,4 
6,8,5,1,3,9,7
Stop after failure. Score 
number of lines correct. 
Maximum score is 6
Digits back I am going to read you some  
more numbers, but this time  
when I stop, I would like you to  
say them in reverse order. So,  
for example, if I said 1,2,3 you 
would say 3,2,1.
3,4 
1,5,9 
6,2,7,3 
8,4,7,6,1 
9,2,4,7,1,3 
4,1,6,9,5,2,7
Stop after failure. Score 
number of lines correct. 
Maximum score is 6
Word generation I am going to read out a list of words. 
Please listen carefully as when I 
have inished, I would like you to 
repeat back to me as many of the 
words as you can remember. You 
can say them in any order, and even 
if you are not sure you have said the 
right word, say it, just in case.
DESK, RANGER, BIRD, 
SHOVEL, STOVE, 
 MOUNTAIN, GLASSES, 
TOWEL, CLOUD, BOAT, 
LAMB, GUN, PENCIL, 
CHURCH, FISH
Score number of correct 
responses. Maximum 
score is 15
Word recall I am going to name a letter and I 
would like you to state as many 
words as you can that begin with 
this letter in 30 s; try to avoid proper 
nouns, such as people’s names, 
names of countries, etc., numbers 
or the same word with a different 
ending such as long, longer, longish.
Letter is “F” Score number of words 
correctly given in 30 s. 
No maximum score.
Table 2. Baseline Scores and Change Scores
Test Baseline T
15
 change T
40
 change D
1
 change D
3
 change
Orientation 3 ± 0 0 0 0 0
Digits forward 5.1 ± 0.9 0.1 ± 1.0 0.9 ± 1.1 0.3 ± 1.0 0.4 ± 1.0
Digits back 3.4 ± 1.2 0.2 ± 1.3 0.3 ± 1.3 0.6 ± 1.4 0.6 ± 1.4
Word recall 7.3 ± 1.9 0.5 ± 2.0 0.3 ± 1.9 0.9 ± 2.2 0.9 ± 2.2
Word generation 10.3 ± 2.7 1.3 ± 2.5 1.5 ± 2.8 1.5 ± 2.5 1.2 ± 2.7
Values are mean ± SD. Baseline values are the raw score, whereas, all other time points are the change scores (e.g., T15–baseline). T
15
 
is conducted 15 min, T
40
 is conducted 40 min, D
1
 and D
3
 are conducted 1 and 3 days after baseline.
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proportion of volunteers with baseline scores of 3 or lesser 
was 32%, and the decision was made to reduce the tolerance 
factor to baseline −1 for the digits back test as a compro-
mise between accuracy and feasibility (to allow most of the 
patients to complete the test). he recovery rates using the 
original deinition of “return to baseline values or better” and 
the revised scoring for the whole cognitive domain is shown 
in igure 2.
A subanalysis of baseline scores and change scores was 
conducted for patients less than 50 yr versus patients 50 yr or 
more. he only diference in baseline scores between groups 
was for the word recall where older patients scored lower 
Fig. 1. The mean change scores are shown for each group of volunteers over four time periods, for digits forward, digits back, 
word recall, and word generation. Error bars indicate 1 SD. P is the repeated measured ANOVA for group × time comparisons. 
T
15
 is conducted 15 min, T
40
 is conducted 40 min, D
1
 and D
3
 are conducted on days 1 and 3 after baseline.
Table 3. Proportion of Volunteers (%) Scored as Recovered Using the Original and New Scoring Methods
Cognitive Test T
15
T
40
D
1
D
3
Average
Original digits forward 82.3 75.0 82.4 86.1 81.5
New digits forward 99.3 99.3 100 100 99.6
Original digits back 75.2 77.1 80.1 79.6 78.0
New digits back 89.9 90.6 95.7 95.0 92.1
Original word recall 77.0 67.1 77.0 77.0 74.5
New word recall 97.1 97.1 96.3 96.3 96.7
Original word generation 72.3 77.1 77.2 71.5 74.5
New word generation 97.1 95.7 98.6 96.4 97.0
Numbers are expressed as percentage recovered using the original and new scoring methods. The original score was return to baseline 
values or better for each test, whereas, the new score included an adjustment for variability of performance: baseline values −2 for digits 
forward, baseline values −1 for digits back, and baseline values −3 for word recall and word generation. T
15
 is conducted 15 min, T
40
 is 
conducted 40 min, D
1
 and D
3
 are conducted 1 and 3 days after baseline.
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than younger patients (mean [SD], 5.9 [1.8] vs. 7.8 [1.8]; 
P < 0.001). Repeated measures analysis of change scores 
between older and younger groups was not diferent for any 
of the cognitive tests (all P > 0.05).
he reliability of individual cognitive tests was acceptable 
with Cronbach α values of 0.837 for digits forward, 0.801 for 
digits back, 0.841 for word recall, and 0.815 for word generation.
he cognitive recovery from the 701 patient feasibility 
study1 was reanalyzed using the new scoring system, and 
shown in igure 3. Patients with low baseline scores (digits 
forward <3, digits back <2, word recall <4, and word genera-
tion <4) were excluded from analysis, leaving 533 patients for 
analysis. Overall cognitive recovery rates in patients attempt-
ing the PQRS increased from 2.7, 8, 28.7, and 33.5% at 
15 min, 40 min, day 1 and day 3 after surgery, to 22.7, 45.4, 
83.5, and 86.4%, respectively.
Discussion
his study showed that there is variability in performance 
in all the cognitive tests except for orientation (which has a 
ceiling efect) in normal volunteers not undergoing surgery. 
Apart from orientation, the other cognitive tests showed 
suicient variability that the strict deinition of recovery 
“return to baseline values or better” for these cognitive ques-
tions resulted in failure of recovery in approximately 25% 
of volunteers for individual cognitive tests, and more than 
50% failed to recover in the cognitive domain. Our premise 
is that volunteers should not have substantially lower cogni-
tive performance over the 3 days of testing. By introducing a 
tolerance value into the scoring system, the average recovery 
rates approached 2 SDs of the population for each test, and 
recovery exceeded 80% for the cognitive domain. It is our 
recommendation that this new scoring system be adopted to 
deine recovery for the cognitive domain of the PQRS.
he method of delivery of the PQRS, whether by 
telephone or face-to-face did not signiicantly afect 
cognitive performance. Use of telephone interview after 
discharge improves the feasibility of conducting follow-up 
PQRS measurements, as patients do not need to return to 
the hospital for face-to-face interviews.
Other domains of the PQRS use a 3- or 5-point Likert 
scale to rate items, such as pain, nausea, anxiety, depression, or 
activities of daily living. Although subject to some variability, 
these subjective reports by patients are likely to accurately rate 
improvement or worsening of pain or nausea, for example, from 
the previous exposure. Cognitive testing, however, can have 
variability of performance within normal volunteers, as was 
shown in this study, leading to potential inaccuracy of the test. 
Although older volunteers had lower baseline scores for the word 
generation test, there was no signiicant diference in change 
scores over time between younger and older patients. Factors 
such as the time of day, fatigue levels, situational exposure, and 
other distractions could afect cognitive performance.2 If the 
strict deinition of return to baseline values or better is applied 
to the cognitive domain, then the tool may be considered as too 
sensitive and will yield many false-positives, with the result that 
many patients who may have recovered would be classed as not 
recovered. hus, the low incidence of cognitive recovery in the 
PQRS feasibility study1 may have been exaggerated due to the 
strict deinition applied. he introduction of a tolerance factor, 
as described in this article, enables the tool to account for natural 
variability of performance and is likely to relect more accurately 
the true incidence of recovery from surgery and anesthesia.
Recovery for the whole domain will be lower than recov-
ery for individual tests, as failure in any one of the ive tests 
results in failure of recovery for the domain. Even though 
individual test recovery rates exceed 90%, and mostly 
exceeded 95%, the recovery for the whole domain ranged 
Fig. 2. The proportion of volunteers who were scored as 
recovered in the cognitive domain is shown for the original 
and new scoring methods. The green shaded box indicates 
a range where recovery should be considered as very good.
Fig. 3. The proportion of patients recovered in the cognitive 
domain (all tests recovered) is shown for the feasibility study 
of the Postoperative Quality of Recovery Scale,1 using both 
the original and new scoring methods.
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between 82.6 and 89.1%. herefore, a recovery rate exceed-
ing 80% is considered more realistic of good recovery than a 
recovery rate of 95–100%. In igures 2 and 3, we have added 
a colored box from 80 to 100% in order to illustrate that 
recovery in this range should be considered good recovery.
he size of the tolerance factor is a balance between accu-
racy and feasibility. If it is too small, then the tool could have 
an excessive false-positive (failure to recover) rate. However, 
if too high, then it will lose discrimination ability and poten-
tially have an excessive false-negative rate. he accuracy as 
determined by the Cronbach α was acceptable for each test. 
Another factor in determining the size of the tolerance fac-
tor is that the baseline scores have to exceed the tolerance 
factor, otherwise patients would automatically be scored as 
recovered. hese patients would need to be excluded from 
recovery analysis in the cognitive domain. We believe that it 
was acceptable for less than 5% of volunteers to be excluded 
for each cognitive test because of low baseline scores. In the 
case of digits back, the proportion of volunteers excluded 
rose from 2.8% for a tolerance factor of baseline −1, to 32% 
for a tolerance of baseline −2. he larger tolerance factor 
would render the test unfeasible due to exclusion of so many 
patients, and the decision was made to use the lower toler-
ance factor. We recommend excluding patients whose base-
line values are less than the tolerance factor.
he tolerance factors are similar to the SD of baseline values. 
his is a similar concept to that used in assessing postoperative 
cognitive dysfunction, where signiicant change in a cognitive 
test is typically more than 1 SD from baseline values.3–5 When 
utilizing these new measures, the incidence of cognitive recovery 
was recalculated in the original PQRS feasibility study increased 
proportionally over time with 86.4% recovery at 3 days after 
surgery, and is more consistent with clinical expectation. his 
places recovery from day 1 in the “range of good recovery.”
Variability of performance in cognitive testing is not an 
inherent quality of the PQRS, but rather an inherent qual-
ity of all neurocognitive testing. he PQRS tests are based 
on conventional neurocognitive tests, all of which are subject 
to variability. In addition to the variability of patient perfor-
mance, there is the added variability that patients can recover 
and then lapse into a worse state. Furthermore, the questions 
test diferent aspects of cognition yet these are collapsed to 
produce a dichotomized outcome of recovery or postoperative 
cognitive dysfunction. he very nature of cognition testing 
is, therefore, subject to inaccuracy. here are many strategies 
used to minimize inaccuracy, as we have described for the 
PQRS, or the use of mathematical correction factors to adjust 
for baseline variability. However, they are all techniques to 
reduce inaccuracy and cannot eliminate the inherent inaccu-
racies and variability associated with neurocognitive testing.
So, how should the reader interpret cognitive recovery using 
the PQRS? First, we recommend the concept of “a range of good 
recovery,” which is a group recovery above 80%. We also advise 
the reader to be cautious in interpreting data where small difer-
ences are observed. A small diference (e.g., 72 vs. 77%) could 
be “statistically signiicant” but potentially fall into the overlap 
of inaccuracies for each group. his is the same principle that 
the reader would apply to measurements that have variability of 
performance or subjective assessment (such as pain, delirium, 
or satisfaction scales). We also recommend that a single time 
point of recovery is less informative than the proile of recov-
ery over multiple time periods. Although single time points are 
often used to determine sample size, it is easier to discriminate 
diferences when measured over multiple time points, as well as 
detecting the time period when recovery plateaus or becomes 
equivalent between groups. Good trial design will improve the 
ability to discriminate between groups, such as adequate sample 
size, randomization, and the minimization of confounders. Dis-
criminant validation studies are in progress with the PQRS and 
will add to the conidence in use of the scale.
Our study has several limitations. Our recruitment was less 
than intended due to logistical di culties, although in all but 
one group, the group size exceeded our minimal sample size esti-
mate. It is possible that a small diference could exist between the 
groups that was not detected, resulting in a small risk of type II 
error, especially as the study was powered to detect a moderate 
diference between groups. As our aim was to assess variability in 
normal volunteers, it is possible that the degree of accuracy may 
be diferent in patients with cognitive disability, or in the post-
operative setting. Similarly, it is possible that the use of telephone 
versus face-to-face survey methods could vary in speciic patient 
populations or at diferent times in the postoperative period.
Conclusion
We recommend adoption of the new scoring system for the 
cognitive domain of the PQRS, exclusion of patients with base-
line cognitive scores below the tolerance factor, and recognition 
of recovery for the cognitive domain exceeding 80% as good 
recovery. Telephone or face-to-face delivery was equivalent.
The authors thank the many volunteers who participated in the 
study. We thank Jan Stygall, MSc, Senior Research Fellow (now re-
tired), Unit of Behavioural Medicine, University College London, 
London, United Kingdom, for contribution to patient recruitment 
and data collation.
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